We present an extensive Doppler tomography study of the eclipsing novalike EC21178-5417, which exhibits the classic accretion disc signature in the form of double-peak emission lines in its spectrum. Doppler tomograms confirm the presence of a strong, two-armed spiral pattern visible in the majority of the spectral lines studied. This makes EC21178-5417 one of the very few novalikes that show spiral structure in their discs. We also report night-to-night changes in the position and relative strength of the spiral arms, revealing fluctuations on the conditions in the accretion disc.
INTRODUCTION
Cataclysmic variables (CVs) are stellar binary systems that contain a white dwarf and a low-mass, main-sequence star that is transferring mass via Roche-lobe overflow (Warner 1995) . In systems where the white dwarf primary is non-or weakly-magnetic the gas from the secondary star forms an accretion disc around the primary. These discs are susceptible to magneto-rotational and thermal instabilities (Osaki 1974) , due to coupling of sufficiently ionised gas with a (disc) magnetic field in a differentially rotating gas flow (Balbus & Hawley 1991) . Dwarf novae are a subtype of CVs, characterised by secularly low mass-transfer rates ( M ≤ 10 −8 M yr −1 ), in which disc instabilities induce cycling between a cold, quiescent state and a hot, outbursting state. In the novalike subclass, the mass transfer rate from the secondary lies above the dwarf nova regime, and due to the subsequent higher disc temperatures (e.g. Rutten et al. 1993 on UX UMa, and Groot et al. 2004 on RW Tri), the accretion discs are stabilized against the dwarf nova instability mechanism. A detailed study of the structure of novalike and dwarf nova discs will therefore contribute to our understanding of the physics of accretion disc in various mass-transfer rates regimes.
Since accretion discs in CVs cannot be resolved using current techniques, many observational studies rely on indirect imaging techniques, such as Doppler tomography E-mail: r.ruizcarmona@astro.ru.nl (Marsh & Horne 1988) . Doppler tomography uses the information in the phase-resolved profiles of emission lines to produce a two-dimensional image of the accretion disc in velocity space, virtually resolving the disc on microarcsecond scales. Doppler tomograms of most dwarf novae reveal a distinctive ring-like accretion disc structure, and the majority show evidence of emission from the secondary star and from the region where the gas stream hits the accretion disc, i.e. the bright spot (see Marsh 2001 , Marsh 2005 , Echevarría 2012 and Marsh & Schwope 2016 for comprehensive and pedagogical reviews). For a number of dwarf novae, especially during an outburst, Doppler tomograms expose strong asymmetries in their discs, e.g. IP Peg (Steeghs et al. 1997) , EX Dra (Joergens et al. 2000) , U Gem (Groot 2001) , WZ Sge (Baba et al. 2002) . These asymmetries are interpreted as spiral density waves; tidal perturbations induced by the secondary star that propagate as waves, and can steepen into shocks (Sawada et al. 1986 , Spruit 1987 . Spiral shocks are important to understand the physics of accretion discs, as they can enhance the effective viscosity and drive angular momentum transport (Sawada et al. 1986 ) at rates sensitive to the disc temperature (Spruit 1987) . Spiral density waves appear more openly wound when discs are hot (Steeghs & Stehle 1999) , which favours detectability during the outburst state.
There are critical views on the interpretation of asymmetric emission regions in tomograms as spiral density waves motivated by a number of issues such as the uneven relative flux of the spiral arms observed in tomograms (e.g. Harlaftis et al. 1999 , Groot 2001 , or the unrealistic high temperatures necessary for numerical simulations to produce openly wound, detectable spiral density waves (Godon et al. 1998) . Alternatives explanations for the emission observed in tomograms, such as converging, tidally distorted gas orbits (Smak 2001) or tidally thickened, irradiated sectors of the disc (Ogilvie 2002) , have been put forward.
Despite the fact that novalikes are often regarded as dwarf novae that are always in outburst state (Noebauer et al. 2010) , their spectroscopic characteristics have been much more challenging to understand (Honeycutt et al. 1987 , Kaitchuck et al. 1994 . Many novalike systems show emission line profiles that are not following the classic double-peaked profile of an accretion disc, although eclipse mapping studies do show the presence of a disc (e.g. Baptista et al. 1995) . Doppler maps of the majority of novalikes do not display signs of an accretion disc, but rather emission appears concentrated towards the centre of the tomogram or slightly shifted towards the lower left quadrant (Marsh 2001) . This dichotomy in appearance strongly hints at non-Keplerian flows dominating the gas in the line emitting region.
Spiral structures in novalikes are not immediately expected, V347 Pup is an exception among novalike systems. V347 Pup is an eclipsing, 13th magnitude novalike (Buckley et al. 1990 ), that showed spiral structure only in a combined Balmer tomogram (Still et al. 1998) . The presence and strength of this spiral pattern appears to be time-dependent, as Steeghs (2001) and later Thoroughgood et al. (2005) reported that the spiral structure was not visible in Balmer lines a few years later, but were still distinguishable in some He i lines. Spiral structure has been also discovered in the novalike V3885 Sgr (Hartley et al. 2005) , most convincingly in Hβ and Hγ, and UX UMa (Neustroev et al. 2011) , visible in Hα only.
EC21178-5417, hereafter EC2117-54, is an eclipsing, 13.7th magnitude novalike discovered in the Edinburgh-Cape survey of blue objects (Stobie et al. 1997) . Warner et al. (2003) determined the orbital period and found the system to be prone to dwarf-nova oscillations and quasiperiodic oscillations. Khangale (2013) presented a detailed study of phase-resolved spectroscopic data on EC2117-54, and computed low resolution Doppler tomograms of Hα, Hβ and He ii 4686 where clear asymmetries are visible in the accretion disc.
In this paper, we present a tomographic study of a series of Balmer, He i and He ii spectral lines of EC2117-54 that allows us to confirm the presence, and study the evolution of the spiral structure in many lines over a week's worth of data. We describe our observations in Section 2 and we describe our analysis in Section 3. We present our tomograms and characterise the spiral structure in Section 4. We discuss and summarise our findings in Section 5 and Section 6.
OBSERVATIONS
We observed the system EC2117-54 (α = 21 h 21 m 26.63 s , δ = −54 • 04 34.7 ) on the week of October 5-11, 2016. We obtained time-resolved spectroscopic data on six nights with the spectrograph SpUpNIC (Crause et al. 2016 ), mounted at the Cassegrain focus of the 1.9-meter telescope at the Sutherland station of the South African Astronomical Observatory (SAAO) in South Africa.
A summary of the acquired spectroscopic data is provided in Table 1 . All spectra were corrected for bias level and flat fielding, and optimally extracted in the usual fashion with iraf and additionally written code in pyraf. Lamp arcs were taken every two science exposures, and used to calibrate all spectra in wavelength. The spectrophotometric standard star LTT 7379 (Hamuy et al. 1992 , Hamuy et al. 1994 ) was also observed, and used to flux calibrate all spectra.
Additionally, in order to constrain the time of eclipse, we observed EC2117-54 on July 19, 2016 with the SAAO 1.9-m telescope equipped with the Sutherland High-speed Optical Camera (SHOC, Gulbis et al. 2011; Coppejans et al. 2013) , which utilizes an Andor iXon888 CCD cameras with 1024 × 1024 pixels. The SHOC camera was used in frametransfer mode with a clear filter, and an exposure time of 1 s. The resulting data cube was reduced using the SHOCpipeline described in Coppejans et al. (2013) .
ANALYSIS

Photometry and Orbital Ephemeris
Magnitudes were calculated from photometric images relative to the known r-band magnitude of the comparison star, i.e. r = 12.981 ± 0.003 mag (Skymapper Southern Sky Survey, Wolf et al. 2018) . A catalogue image of the target and comparison star is presented in Figure 1 , with the field-of-view of the SHOC instrument. The comparison star (α = 21 h 21 m 30.23 s , δ = −54 • 04 33.1 ) is also included in the AAVSO Photometric All-Sky Survey (Henden et al. 2015) and has been observed by Gaia (Gaia Collaboration et al. 2016 , Gaia Collaboration et al. 2018 , Luri et al. 2018 ). Magnitudes were translated into flux units using the flux at r = 0 (Schneider et al. 1983) , and the resulting light curve is presented in Figure 3 . Magnitudes from SHOC clear filter, calibrated to r-band are accurate to 0.1 mag (e.g. Coppejans et al. 2014) , which translates into systematic errors in flux measurements of approximately ∆F ≤ 0.4 mJy around the eclipse. The uncertainties on the differential magnitude and flux with respect to the comparison star are much smaller than the systematic error (see Figure 3 ).
We fit a Gaussian function to the symmetric, V-shaped signature of the eclipse of the primary star. We use the time of the inferior conjunction to update the zero-point in the ephemeris reported in the literature (Warner et al. 2003 , Zietsman 2008 , Khangale 2013 to assign orbital phases to our spectroscopic observations.
A deeper analysis of the photometric properties of EC2117-54, including a revision of the orbital period, is done in Khangale et al. (2019) .
Doppler tomography
The spectra of EC2117-54 were prepared for Doppler tomography using the software molly. First, orbital phases are assigned to individual spectra (see Section 4.1). Spectra at phases around the eclipse, i.e. 0.9 -1.1, were excluded as The field of view of the imager SHOC is represented by the red box, containing the target at the right and the comparison star at the left.
Doppler tomography requires constant visibility of all emission components. Next, all spectra were normalised by their continuum levels. For every spectral line, the spectra were rebinned in velocity space, and the normalised continuum was subtracted. Finally, the data sets were exported in ndf format for Doppler tomography calculations. We compute Doppler tomograms for the detected spectral lines with the software doppler, that uses maximumentropy regularization. We followed the procedures outlined in (Ruiz-Carmona et al. 2019a, hereafter RC19a) . The calculations start with a uniform image scaled to the flux of the data. We decreased the χ 2 of the tomograms by 0.5% in every step of the iterative process. We use a running default image with a Gaussian blurring with a full width at half maximum of 5 resolution elements. Optimal tomograms were selected using the two-dimensional Fourier transform technique outlined in RC19a.
We estimate the systemic velocity, γ, for every spectral line using three different methods: (i) fitting a double Gaussian profile to the line and subsequently fitting the ra-dial velocity curve, (ii) using the double-Gaussian method and building a diagnostic diagram (Schneider & Young 1980 , Shafter 1985 , and (iii) selecting the value that gives the lowest χ 2 from a series of tomograms at a range of γ values, therefore, using Doppler tomography itself. The last method does not assume any specific profile of the lines, and works well for both brighter and fainter lines (RC19a).
We treat the absorption component present in some of the spectral lines by constructing a two-dimensional Gaussian profile in Doppler space centred at (V x , V y ) = (0,0), with a fixed width of 500 km s −1 and a peak flux that is just enough to negate the absorption in the data. Then, we translate the Gaussian into data space, matching the spectral and phase resolution of the observed data sets. We add the Gaussian data to the observed data set, and compute the tomogram. We build a different Gaussian in Doppler space to be subtracted from the optimal tomogram, where the peak flux equals the flux at the center of mass of the tomogram (e.g. Marsh et al. 1990 , Harlaftis & Marsh 1996 .
Significance maps
We perform a bootstrap routine on the tomograms that allows us to estimate error bars for the flux in the tomogram, and to evaluate the significance of any emitting features in the accretion disc following RC19a., using 2500 bootstrap iterations. For assessing the significance of any feature relative to the accretion disc, the average of flux value F disc and the associated scatter, σ disc would be used. Given the low spectral and phase resolution of our data here, the width of the flux distribution across bootstrapped tomograms for any pixel, σ pix , is often larger than the scatter in the flux in the selected accretion disc region. We therefore adopt the conservative approach of selecting the dispersion of the flux in the disc, σ F , as the maximum value of σ pix of all pixels in the disc region in the cases that σ disc < σ pix :
The significance on the flux is calculated as the highest number, m, that verifies the null hypothesis:
It is worth noting that the significance parameter m should not be interpreted as a Gaussian significance, because the distribution of flux in the accretion disc region is not a normal distribution, and we have no knowledge of what the in- trinsic characteristics of the parent distribution are. The interpretation of the significance calculated with this method is tailored to the values of F disc and σ F ; it is an indicator of the significance of the detected feature standing out with respect to the selected area of the underlying accretion disc.
Tomograms in polar coordinates
We construct polar tomograms by taking radial crosscuts of the tomogram from the centroid of the emission, i.e. the position of the white dwarf in order to project the tomograms and significance maps onto the radial velocity versus azimuth space, V R − θ (Groot 2001 , Ruiz-Carmona et al. 2019b . We trace the spiral arms by determining, for every azimuth, at which radial velocity the maximum flux is reached, as projected from the white dwarf: V R (F max ). We use this parametrisation to derive linear slopes of the spiral arms visible in the tomograms, which are then translated into opening angles using the correlations derived in RC19b.
RESULTS
Light curve and ephemeris
We use the time of the primary eclipse derived from the light curve and the latest orbital period published (Khangale et al. 2019) to update the zeropoint, leading to the following ephemeris: The difference between the time of this ephemeris and the date of our first spectroscopic observations is 78 days, or approximately 503 orbital periods. The uncertainty on the absolute phase is ∼0.003, which translates into an uncertainty of ∼1 • in azimuth.
Spiral structure in EC2117-54
We present nightly-averaged spectra in Figure 2 , and the trailed spectra of the spectral lines that we obtained Doppler tomography for in Figure 4 . We represent the results of our study with Doppler tomography in Figures 5, 6 and 7 for the three episodes observed with the (blue) grating G4, and in Figure 8 for the two episodes observed with the (red) grating G5.
The estimates of the systemic velocity by the three methods mentioned in Section 3.2 agree within the error bars for the brighter lines, i.e. Hβ, He ii 4686. For fainter lines we rely on the tomographic method. We allow for each line to have its own systemic velocity value rather than selecting a single value for the system to account for possible line-to-line variations reported in other systems, arising for effects other than the system's space velocity, as reported in e.g. the helium system GP Com (Marsh 1999) .
The entire set of tomograms shows clear asymmetries in the disc that we identify as spiral structure, in analogy with patterns detected in e.g. IP Peg (Steeghs et al. 1997) and U Gem (Groot 2001) . The significance maps confirm the presence of strong spiral structure standing out against the average accretion disk flux in all tomograms.
Blue arm
Taking the tomograms in the blue arm, on the first night ( Figure 5) , as a reference set, the overall distributions of flux, and in particular the spiral structure, present clear similarities for specific lines. For instance, Hβ, Hγ, He i 4922, He i 4472 present two spiral arms of comparable strength: one towards the top right and another towards the bottom left of the tomogram. The He ii lines exhibit two distinguishable arms as well, but one of them is notably stronger than the other. The exception in the blue arm data on the first night is He i 5016 which appears to show only a single-armed spiral feature, with a hint of the second arm.
Comparing the blue arm data from night to night, we observe clear changes in appearance. The spiral structure in the tomograms of lines such as Hβ, Hγ, He i 4922, He i 4472, He ii 4686 and He ii 4026 transition from a pattern with two distinct spiral arms on 2016-10-05 to a single-armed structure towards the bottom of the tomogram on 2016-10-07 and then back to a two-armed spiral pattern on 2016-10-09.
Hδ and H show two completely separated arms in the first episode, then a single emission signature on the second epoch, and a two-armed configuration again in the third epoch. In addition, H begins with the top right arm as the strongest, as opposite to Hδ, but it weakens in favour of the bottom left arm, becoming very similar to Hδ.
For the blue arm data we can conclude that the pattern on the first and third episode, separated by 4 nights, is very similar, but on the second episode, in between the two others, it is very different, indicative of variation on time scales of 1-2 days or shorter.
Red arm
These changes from night to night are also reflected in the red arm data, taken on two consecutive nights, after the blue arm data.
He i 5876 shows a two-armed spiral signature in both epochs. The shocks appear somewhat shifted in azimuth with respect to the Balmer lines, i.e., towards the bottom right and the top left of the tomogram. The tomograms of Hα are also consistent with this shift, although emission from the secondary star, identifiable as a concentrated spot at the 'twelve o'clock'-position, may be important in this line and appears to merge with the emission from the spiral structure. He i 6678 shows a single-armed structure, reflecting that of the He i 5015 line in the blue arm.
Secondary star emission
The detected emission from the secondary star is especially prominent in the Balmer series, especially for the lower-level transitions. In the first episode it is detectable in Hβ, Hγ, and He i 4922. The emission from the secondary star is the weakest (relative to the other features) in the second episode, although the significance maps pick up on its signature in He ii 4686 and He i 4472. The emission is strongest at the third episode, on 2016-10-09, when it is detectable in the majority of the lines.
In some cases, the emission from the secondary star appears biased towards the trailing side of the star (e.g. He i 4922 in Figure 5 , or Hβ and Hγ in Figure 7 .)
Opening angles
We calculate linear slopes of the individual spiral structures as traced by the radial velocity from the white dwarf at maximum flux in the polar tomograms, and present the results in Table 2 , following the procedures outlined in RC19b. We observe changes in the absolute values of the estimated linear slopes for different episodes, especially for the Balmer and He i lines. We also report both positive and negative slopes. A positive slope means that, as we trace the maximum flux of the spiral arm, the radial velocity as seen from the white dwarf increases with azimuth, or decreases with orbital phase. In some spectral lines, we see changes from positive to negative slopes as we trace the spiral arm in the polar tomograms, e.g. Hδ on 2016-10-07 and He i 6678 on 2016-10-10, and vice versa, e.g. Hδ on 2010-10-05 and He i 5876 on 2016-10-10. Changes from positive or negative slope may cancel out since we only derive a single value of the slope for every spiral arm.
Comparing the derived linear slopes to the correlations between slopes and opening angles given in RC19b, the spiral arms in EC2117-54 can be represented by logarithmic spirals with opening angles, φ, between −35 • and −78 • , which shows that we cannot constrain the properties of the spiral structure very precisely with current data.
DISCUSSION
The tomographic study of the spectral lines of the system EC2117-54 shows spiral structure in the accretion disc, despite the fact that the data used here are of relatively low spectral and temporal resolution. The first question is therefore if our treatment of the data could artificially introduce these features. The effect of the limited resolution would be to smooth out an underlying spiral pattern rather than introducing these asymmetries artificially. Our treatment of absorption features in the fainter spectral lines by adding an axisymmetric Gaussian profile cannot contribute to the appearance of spiral structure as asymmetries cannot be introduced by symmetric components.
Spiral structure on EC2117-54
EC2117-54 presents strong asymmetries in its accretion disc, as revealed by the tomograms of several spectral lines. In some cases, for instance the tomograms of He i 4922 or He i 4472 in Figure 5 , the shape and position of these asymmetries are reminiscent of the structures interpreted as spiral Figure 5 . Summary of Doppler tomography on the data on 2016-10-05. For every spectral line, the optimal tomogram, the significance map and the polar tomogram are represented from top to bottom. In the tomograms (top panels), we also represent the centre of mass, the Roche geometry of the system and the ballistic and Keplerian velocities of the gas stream. In the significance maps (middle panels), the black contours indicate the values of the significance parameter, m, at increments ∆m = 1. The accretion disc region used to define its flux and scatter is represented by the red contour. In the polar tomogram (bottom panels), the significance contours are also represented. The color dots trace the radial velocity of maximum flux of the spiral arms. Hδ -1.1 ± 0.8 1.7 ± 0.1 -3.2 ± 1.2 -1.1 ± 0.7 -2.6 ± 0.2 -0.6 ± 0.7 H -1.5 ± 0.1 -1.0 ± 0.5 -15.9 ± 6.5 -0.1 ± 0.0 -0.2 ± 0.1 0.8 ± 0.5
He i 4472 -3.0 ± 0.1 0.7 ± 0.2 -1.7 ± 0.4 2.2 ± 0.2 1.8 ± 0.5 1.7 ± 0.1
2016-10-10 2016-10-11 2016-10-10 2016-10-11 Hα 0.6 ± 0.1 0.5 ± 0.1 0.9 ± 0.2 0.7 ± 0.1
density waves in other systems such as IP Peg (Steeghs et al. 1997) or U Gem (Groot 2001) . In some other cases, for instance the tomograms of He ii 4686 in Figure 5 , the spiral structure appears shifted to positions where spiral density waves are not expected based on numerical simulations (e.g. Sawada et al. 1986 ).
Moreover, notable changes in the spiral structure are observed from night to night, or every two nights in the case of the bluer lines in a consistent way for the spectral lines studied. These shifts are at odds with the spiral arms detected in the dwarf nova U Gem (Groot 2001) , that remain in the same position throughout three epochs during the decline of an outburst, although only He ii 4686 is explored in U Gem. Direct comparison of the systems EC2117-54 and U Gem may not fully applicable, since the pattern in U Gem is there only during outburst, and also as a consequence of the dwarf nova outburst. In EC2117-54 the disc is in a quasi-steady state, not undergoing a disc instability event as in U Gem. In a theoretical context, stationarity is assumed (e.g. Spruit 1987) based on the quasi-stationary spiral waves found by Sawada et al. 1986 , which reduces the complexity of the analytical problem.
The location and fast evolution of the spiral structure pose problems on the interpretation of the asymmetries in EC2117-54 as spiral density waves. This favours alternative scenarios and interpretations of Doppler tomograms. Smak (2001) suggested that the asymmetric emission is related to enhanced surface density areas due to tidally perturbed plasma orbits. The observed uneven relative flux of the spiral arms can be explained in this framework. However, the intensified emission appears at the same position where spiral waves are expected, and therefore cannot account for our observations. Ogilvie (2002) calculated a three-dimensional, semi-analytical model of a tidally distorted accretion disc and proposed that the emission observed in the tomograms comes from irradiated, vertically thickened sector in the outer regions of the disc. In this framework, positional shifts of the asymmetries take place with changes to the effective viscosity α or the Weissenberg number (defined as the relaxation time multiplied by the angular velocity), which can explain our observations. As noted by Ogilvie (2002) , however, a realistic treatment of the gas inflow into the disc and transport of mass through the disc needs to be included in the theoretical treatment. Numerical simulations of the incoming gas stream show that vertical bulges develop at several phases, i.e. φ = 0.2, 0.5 and 0.8, reaching scale heights of 10-20% on average at the outer parts of the disc (Hirose et al. 1991 , Meglicki et al. 1993 ). These vertically thickened regions of the disc can lead to enhanced emission when irradiated and also to relevant self-obscuration of certain regions of the disc, given the orbital inclination of EC2117-54, which can explain the structures we observe in the tomograms. The vertical extent of such bulges depends strongly on the mass accretion rate, disappearing when mass inflow is artificially turned off (Hirose et al. 1991) . Considering the timescales in which hydrostatic equilibrium is stablished, vertical structures like this would live for time scales comparable to the rotation period (Warner 1995) , which is of the order of hours.
The radial extension of the disc in the tomogram is dominated by the spiral structure, and appears similar in the tomograms of all spectral lines considering the spectral resolution of the data. If the observed emission is produced mainly in structures limited in space, i.e. spiral waves or vertically enhanced regions, then a similar radial extent is expected. If the observed asymmetries result from self-obscuration this does not need to be true, and the optical depth for different phases and lines needs to be taken into account.
The linear slopes of the spiral arms are indicative of how openly wound the spiral waves are (RC19b), which in turn is indicative of the temperature of the disc (Steeghs & Stehle 1999) . However, our results do not show a clear trend across different episodes, and the changes are not consistent for different lines. Our calculated slopes are limited to a phase resolution of about 20 • while the spiral arms in the tomograms are traceable for less than 90 • . In some cases, we may be tracking the underlying accretion disc. Finally, a single value of the inclination of the spiral shocks is not appropriate in cases where slopes reverse arithmetic sign along the same spiral arm.
EC2117-54 (Khangale et al. 2019 , this work), U Gem (Groot 2001 ) and IP Peg (e.g. Morales-Rueda et al. 2000) are the only systems for which observational studies on the evolution of spiral patterns at short time scales exist. Additional observational and theoretical efforts are necessary to understand the origin of asymmetric discs such as the observed here.
Comparison to other novalikes
Novalikes that exhibit spiral structure in their Doppler maps are rare. V347 Pup shows a two-armed spiral structure with emission from the secondary star in the Balmer lines (Still et al. 1998) . The overall appearance of the spiral pattern in V347 Pup is very similar to our Balmer tomograms on the episode 2016-10-09. The long-term persistence of the spiral structure in V347 Pup seems uncertain, as Steeghs (2001) and Thoroughgood et al. (2005) reported two separate observational studies years later in which the asymmetries in the disc had vanished in the Balmer lines, but were visible in He i lines instead. In this sense, the spiral structure in EC2117-54 might be more stable over secular changes as Doppler maps on 2010-10-09 closely resemble the preliminary tomograms presented in Khangale (2013) , perhaps with slight differences in Hα.
V3885 Sgr also shows spiral waves in Hβ, Hγ, and with less strength, in He i 4472 (Hartley et al. 2005) , very similar to those in U Gem and comparable to our tomograms in the 2016-10-05 episode.
The spiral pattern in UX UMa (Neustroev et al. 2011) , only detected in Hα, presents a two-armed structure but the arm typically at the top right of the tomogram is shifted towards later phases, similarly to our He i 4472 tomogram in the 2016-10-07 episode. This suggests that the differences observed from system to system are related to distinct states of their accretion discs during data acquisition.
Emission from the secondary star
The emission from the secondary star is detectable on 2016-10-05, and in particular on 2016-10-09. The tomograms in these two episodes are remarkably similar, while they differ from the results on 2016-10-07. The detection of emission from the secondary star may point to higher levels of irradiation due to higher temperatures in the disc, or, when irradiation is absent, the secondary star is perhaps shielded by a flared-up accretion disc or vertically enhanced structures at the outer rim of the disc (Hirose et al. 1991 , Ogilvie 2002 .
In many cases, the emission from the secondary star does not appear at the 'twelve-o' clock' position, but is shifted towards the trailing side of the star. The uncertainties in the orbital ephemeris derived in Section 4.1 are too small to explain this shift. This is also observed in the tomograms of V347 Pup (Still et al. 1998 , Steeghs (2001 , Thoroughgood et al. (2005) ) and UX UMa (Neustroev et al. 2011) . Still et al. (1998) speculate that if the gas stream spills over the impact region with the disc, it could provide an optically thick material that would shield the leading side of the secondary star from irradiation. This, however, requires that the bright spot or the stream have a structure that extends over several scale heights. Moreover, there are no indications of the bright spot in the Doppler maps of these studies, although this is somewhat expected because evidence of a bright spot can hinder the detection of asymmetries in the disc (Joergens et al. 2000) . Our observational results do not show any evidence of a bright spot either, perhaps favouring a scenario where the spiral structure observed in EC2117-54 is related to self-obscuration by vertical enhancements in the disc that can protect the secondary star from irradiation (Hirose et al. 1991 , Ogilvie 2002 .
CONCLUSIONS
We have reported on the detection of time-variable spiral structure in the accretion disc of the novalike EC2117-54. The spiral structure is observed in the tomograms of all the spectral lines studied, but it is especially strong in Hβ, Hγ, He i 4472 and He ii 4686. The spiral pattern is persistent over a week, although there are night-to-night changes in the position and strength of the spiral arms.
EC2117-54 joins a small group of peculiar novalikes that exhibit spiral structure in their Doppler tomograms, after V347 Pup, V3385 Sgr and UX UMa. The Doppler maps published for these other novalikes resemble our tomograms at particular episodes, but an analogous observational study of the night-to-night evolution of the emission pattern is yet to be done.
The location and evolution of the spiral structure challenges the interpretation of these asymmetries as the signature of spiral density waves, as the latter are expected to be stationary at specific positions. Other scenarios, such as tidally thickened sectors of the disc or vertically enhanced bulges from the interaction of the gas stream with the disc, can explain our observations.
